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Background: Primary stability (PS) is a key factor for implant survival rate and depends on implant design or 
bone quality. The aim of this study was to compare different thread designs implants, evaluating PS with periotest 
values (PV) and implant stability quotient (ISQ) values through resonance frequency analysis (RFA).
Material and Methods: A total of 60 implants (Radhex®, Inmet-Garnick S.A., Guadalajara, Spain) were placed 
in freshly bovine ribs in vitro. Two designs were used: 30 tapered body with single thread design (PHI) and 30 
tapered body with double thread design implants (PHIA). Both designs were 4mm wide and 12mm long. Implants 
were placed according to manufacturer’s guidelines. Osstell™ and Periotest®  devices were used to evaluate PS 
by a blinded independent observer. Computed tomographies (CTs) of the ribs were made (BrightSpeed Series 
CT systems, GE Healthcare, Milwaukee, WI, USA) and bone quality surrounding each implant was evaluated in 
Hounsfield Units (HU) using Ez3D Plus software (Vatech Co., Korea). Bone quality was classified according to 
Misch and Kircos in D1, D2, D3 or D4. 
Results: All implants were mechanically stable. Only implants placed in D3 bone (350-850 HU) were selected for 
the study: 28 PHI and 26 PHIA. The one way ANOVA showed significant difference (p < 0.005) among two im-
plants designs in ISQ values (61,55 ± 6,67 in PHI and 68,94 ± 5,82 in PHIA). No significant difference (p = 0,171) 
was shown in PV between two designs (-4,47 ± 1,39 in PHI and -4,77 ± 0,87 in PHIA).
Conclusions: Higher PS was found using Osstell™ device in implants with double thread design (PHIA) in com-
parison to implants with single thread design (PHI) in D3 bone.
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Introduction
Primary stability (PS) of dental implants is a decisive 
factor for its success. PS depends on length, diameter, 
shape and thread design of the implant, the insertion 
technique or the type of bone (1). However, there are no 
established measurement standards (2). 
There is enough evidence to confirm that an increase in 
bone quality also increase the PS of the implant (3,4). 
Implants placed in low quality bone, those contacting 
only in cancellous bone, as found in the posterior max-
illa, seems to have higher failure rates (5). According to 
Misch and Kircos (6) and Lekholm and Zarb (7) clas-
sifications, low quality bone corresponds to bone type 
3 and 4.
Implant design play a key role in order to obtain good 
bone to implant contact and particularly when immedi-
ate loading is needed (8). Several studies reported higher 
PS in parallel implants when compared to tapered ones 
(9,10), while other studies found the opposite (11,12). 
Rokn et al. (12) also found implant length not to have 
significant differences in PS but an increase in implant 
diameter to have an increase in PS. In addition, pitch 
distance of the screw threads is not clear to be important 
in achieving better PS (13,14).
For these reasons, manufacturers are in continuous re-
search into implant design in order to improve PS in 
low quality bone (15,16). Radhex® (Inmet-Garnick, 
S.A., Guadalajara, Spain) uses a subtractive surface 
treatment by shot blasting and incorporates a double 
thread implant design which they ensure to improve PS. 
Nevertheless, there is no study evaluating PS of these 
implants. Therefore, the aim of this study was to deter-
mine in vitro the PS of different Radhex® dental im-
plant designs in low quality bone.
Material and Methods
Thirty fresh bovine ribs were randomly selected after 
the complete removal of the soft tissues. Two different 
dental implants were chosen to be compared: tapered 
body with single thread design implant (PHI) (Fig. 1a) 
and tapered body with double thread design implant 
(PHIA) (Fig. 1b). Both designs were 4 mm wide and 
12 mm long. Thirty PHI and 30 PHIA implants were 
inserted with 40 Ncm or less in 30 bovine ribs, placing 
both designs in each rib. 
- PS measurements
PS measurements were assessed by an oral surgeon 
blinded to the study protocol. Wireless resonance fre-
quency analysis (RFA) device (Osstell AB, Gothenburg, 
Sweden) and wireless electronic percussive test (Peri-
otest M, Medizintechnik Gulden, Modautal, Germany) 
were used.
Firstly, implant stability quotient (ISQ) was measured 
using RFA device. A suitable-transducter was inserted 
into the implant body (Smart Peg). Measurements were 
done in two different directions of the implant, perpen-
dicular to the Smart Peg according to manufacturer 
guidelines (Fig. 2a). 
After ISQ values were obtained from all implants, abut-
ments were placed and periotest values (PV) were eval-
uated in every implant. The final PV of each implant 
was obtained after three consecutive measurements, 
taking the average value as the final PV of each implant 
(Fig. 2b). 
Fig. 1. Different Radhex® implant designs used in this study: (a) 
PHI and (b) PHIA.
Fig. 2. Evaluation of PS using (a) Osstell™ and (b) Periotest® de-
vices.
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-Bone quality assessment
After placing the implants, six computed tomographies 
(CTs) of 5 ribs each were made (BrightSpeed Series 
CT systems, GE Healthcare, Milwaukee, WI, USA). 
Hounsfield units (HU) were evaluated in each rib using 
Ez3D Plus software for Windows (Vatech Co., Korea). 
Panoramic sections of each rib were made in order to 
calculate bone quality. Two measures (in each side of 
the implant) were made, taking as final result the mean 
value between them (Fig. 3).
Bone quality from each implant was classified in HU ac-
cording to Misch and Kircos (6) (Table 1). Only implants 
placed in D3 bone (350-850 HU)  were selected in this 
study (54 implants out of 60: 28 PHI and 26 PHIA).
- Statistical Analysis
Statistical software SPSS for Windows version 20 
(SPSS Inc, Chicago, IL, USA) was used for the statisti-
cal analysis. Descriptive statistics (means and standard 
deviations) were applied for ISQ, PV and bone quality 
of each implant design. One-way analysis of variance 
(ANOVA) was used for statistical evaluation. In order 
to quantify the concordance between measurements as-
sessed with Osstell™ and Periotest devices of PHI and 
PHIA groups, an intraclass correlation coefficient (ICC) 
model two-ways, mixed effects was performed. The re-
sults were assessed with 95% confidence intervals at a 
significance level of p<.05.
Fig. 3. Panoramic section of a CT scan. Bone quality average recorded in HU of the implant recipient area measured on each side of it using 
Ez3D plus software.
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Results
All implants were mechanically stable. No mobility was 
observed. The mean ISQ in PHI implants was 61.55 ± 
6.67 and 68.94 ± 5.82 in PHIA group. The mean PV was 
-4.47 ± 1.39 and -4.77 ± 0.87 respectively (Table 2).
The one way ANOVA showed statistically signifi-
cant difference among two implants designs in ISQ 
(p<0.005). No statistically significant difference was 
shown in PV between two designs (p=0.171). 
The ICC between Osstell™ and Periotest devices was 
r=0.26 for PHI design and r=0.004 for PHIA group.
Discussion
Today, several ways of implant preparation have been 
described. Synthetic bones, cadaveric bone, resin mod-
els or animal bone are the most frequent (17). Artificial 
bone can reproduce different bone densities and report 
thermal conductivity (18). In our study, as animal bone 
was used, bone quality was assessed in HU with Ez3D 
viewer according to Misch and Kircos classification. 
This software has been recently used to compare con-
dylar morphologies (19). Herekar et al. (20) also used 
CT data to classify bone quality according to Misch and 
Kircos classification. 
The final location of the implants was not randomized. 
This could have affected the type of bone surrounding 
each implant, as the most proximal sector of the bovine 
ribs present a higher ratio of cancellous to cortical bone 
(21), which may have influenced the PS results. Howev-
er, bone quality of each implant group was not statisti-
cally significant (551.88 ± 101.78 HU in PHI and 496.98 
± 90.58 HU in PHIA, p=0.580).
In the present study, Osstell™ and Periotest®  were used 
to assess PS measurements. Osstell™ works transfer-
ring vibration frequencies onto an implant transducer, 
which generates a value in ISQ units. RFA is an accept-
ed method, as it is objective and reliable (22). Periotest® 
measures PS by assessing the damping capacity upon 
tapping against the implant and generating a PV. It has 
also been shown to be a reliable indicator in conven-
tional and immediate loading (23). However, Osstell™ 
system has been proved to be more reliable compared to 
Periotest® in measuring dental implant stability (24).
Although higher bone quality was observed surround-
ing PHI implants, higher ISQ and better PV in PHIA 
were obtained. PHIA dental implants showed statisti-
cally higher ISQ values in D3 bone compared to PHI 
implants. Also, better PV of PHIA compared to PHI im-
plants was observed, but no statistically significant dif-
ferences were found. These results are similar to those 
obtained in the study by Park et al. (25). They obtained 
statistically significant differences in ISQ but not in PV 
when comparing two different implant designs. This 
can be explained due to an average range of -5 to +5 PV 
reported in the literature (26), which is a small range 
for implant stability and makes more difficult to achieve 
significant differences in the evaluation (27).
The two implant designs tested in this study present a 
similar body (both are tapered), however, the differenc-
es between thread designs (PHI has single thread design 
and PHIA has double thread design) may have been the 
main reason for these results. This study proved that 
double thread design implants (PHIA) had better PS in 
comparison to single thread design implants (PHI). The 
reason may have been a better bone to implant contact 
obtained in trabecular bone with PHIA implants.   
ISQ value of PHI implants was 61.55 ± 6.67, which al-






Table 1.  Bone classification according to Misch and Kir-
cos.
HU: Hounsfield Units.
n HU p ISQ p PV p






PHIA 26  496.98 ± 90.58 68.94 ± 5.82 -4.77 ± 0.87
Table 2. Comparison of bone quality in relation to HU and PS according to ISQ and PV between the different 
implant designs studied.
HU: Hounsfield Units; ISQ: Implant Stability Quotient; PV: Periotest Value; *: statistically significant result.
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other hand, ISQ value of PHIA implants was 68.94 ± 
5.82, which would allow us to perform an early loading 
(29). Therefore, PHIA implants seems to be more suit-
able in low quality bones. PV of PHI implants was -4.47 
± 1.39 and -4.77 ± 0.87 for PHIA design, which indi-
cates a good integration, meaning that implant loading 
could be performed according to the manufacturer.
As an experimental study carried out on bovine ribs, 
it was not possible to simulate in vivo conditions such 
as the access to the surgical site or the blood supply to 
the bone. Hence, although preliminary data is impor-
tant, further clinical studies are needed to confirm these 
findings. Within the limitations of this study, we can 
conclude that higher implant PS was found using Os-
stell™ device in tapered body and double thread design 
implants (PHIA) in comparison to tapered body and 
single thread design implants (PHI) in D3 bone.
References
1. Javed F, Romanos GE. The role of primary stability for successful 
immediate loading of dental implants. A literature review. J Dent. 
2010;38:612-20.
2. Martinez H, Davarpanah M, Missika P, Celletti R, Lazzara R. Op-
timal implant stabilization in low density bone. Clin Oral Implants 
Res. 2001;12:423-32.
3. Winter W, Möhrle S, Holst S, Karl M. Parameters of implant sta-
bility measurements based on resonance frequency and damping ca-
pacity: a comparative finite element analysis. Int J Oral Maxillofac 
Implants. 2010;25:532-9.
4. García-Vives N, Andrés-García R, Rios-Santos V, Fernández-
Palacín A, Bullón-Fernández P, Herrero-Climent M, et al. In vitro 
evaluation of the type of implant bed preparation with osteotomes 
in bone type IV and its influence on the stability of two implant sys-
tems. Med Oral Patol Oral Cir Bucal. 2009;14:e455-60.
5. Roos-Jansåker AM, Lindahl C, Renvert H, Renvert S. Nine- to 
fourteen-year follow-up of implant treatment. Part I: implant loss and 
associations to various factors. J Clin Periodontol. 2006;33:283-9.
6. Misch CE, Kircos LT. Diagnostic imaging and techniques. In: 
Misch CE, ed. Contemporary Implant Dentistry. 2nd ed. St. Louis: 
Mosby;1999:73-87.
7. Lekholm U, Zarb GA. Patient selection and preparation. In: 
Brånemark PI, Zarb GA, Albrektsson T, eds. Tissue-integrated 
Prostheses: Osseointegration in Clinical Dentistry. Chicago: 
Quintessence;1985:199-209.
8. Cehreli M, Sahin S, Akça K. Role of mechanical environment and 
implant design on bone tissue differentiation: current knowledge and 
future contexts. J Dent. 2004;32:123-32.
9. Bilhan H, Geckili O, Mumcu E, Bozdag E, Sünbüloğlu E, Kutay O. 
Influence of surgical technique, implant shape and diameter on the 
primary stability in cancellous bone. J Oral Rehabil. 2010;37:900-7.
10. Ostman PO, Hellman M, Wendelhag I, Sennerby L. Resonance 
frequency analysis measurements of implants at placement surgery. 
Int J Prosthodont. 2006;19:77-83.
11. Menicucci G, Pachie E, Lorenzetti M, Migliaretti G, Carossa 
S. Comparison of primary stability of straight-walled and ta-
pered implants using an insertion torque device. Int J Prosthodont. 
2012;25:465-71.
12. Rokn A, Ghahroudi AR, Mesgarzadeh A, Miremadi A, Yaghoobi 
S. Evaluation of stability changes in tapered and parallel wall im-
plants: a human clinical trial. J Dent (Tehran). 2011;8:186-200.
13. Orsini E, Giavaresi G, Trirè A, Ottani V, Salgarello S. Dental 
implant thread pitch and its influence on the osseointegration pro-
cess: an in vivo comparison study. Int J Oral Maxillofac Implants. 
2012;27:383-92. 
14. Chowdhary R, Jimbo R, Thomsen C, Carlsson L, Wennerberg A. 
Biomechanical evaluation of macro and micro designed screw-type 
implants: an insertion torque and removal torque study in rabbits. 
Clin Oral Implants Res. 2013;24:342-6.
15. Romanos GE, Ciornei G, Jucan A, Malmstrom H, Gupta B. In vit-
ro assessment of primary stability of Straumann® implant designs. 
Clin Implant Dent Relat Res. 2014;16:89-95.
16. Bilhan H, Bilmenoglu C, Urgun AC, Ates G, Bural C, Cilingir A, 
et al. Comparison of the Primary Stability of Two Implant Designs in 
Two Different Bone Types: An In Vitro Study. Int J Oral Maxillofac 
Implants. 2015;30:1036-40.
17. Möhlhenrich SC, Modabber A, Steiner T, Mitchell DA, Hölzle F. 
Heat generation and drill wear during dental implant site prepara-
tion: systematic review. Br J Oral Maxillofac Surg. 2015;53:679-89.
18. Sener BC, Dergin G, Gursoy B, Kelesoglu E, Slih I. Effects of 
irrigation temperature on heat control in vitro at different drilling 
depths. Clin Oral Implants Res. 2009;20:294-8.
19. Goulart DR, Mu-oz P, Olate S, de Moraes M, Fari-a R. No differ-
ences in morphological characteristics between hyperplastic condyle 
and class III condyle. Int J Oral Maxillofac Surg. 2015;44:1281-6.
20. Herekar M, Sethi M, Ahmad T, Fernandes AS, Patil V, Kulkarni 
H. A correlation between bone (B), insertion torque (IT), and implant 
stability (S): BITS score. J Prosthet Dent. 2014;112:805-10.
21. Andrés-García R, Vives NG, Climent FH, Palacín AF, Santos 
VR, Climent MH, et al. In vitro evaluation of the influence of the 
cortical bone on the primary stability of two implant systems. Med 
Oral Patol Oral Cir Bucal. 2009;14:e93-7.
22. Geckili O, Bilhan H, Cilingir A, Mumcu E, Bural C. A com-
parative in vitro evaluation of two different magnetic devices de-
tecting the stability of osseo-integrated implants. J Periodontal Res. 
2012;47:508-13.
23. Abboud M, Koeck B, Stark H, Wahl G, Paillon R. Immediate 
loading of single-tooth implants in the posterior region. Int J Oral 
Maxillofac Implants. 2005;20:61-8.
24. Al-Jetaily S, Al-Dosari AA. Assessment of Osstell™ and Peri-
otest® systems in measuring dental implant stability (in vitro study). 
Saudi Dent J. 2011;23:17-21.
25. Park JC, Ha SR, Kim SM, Kim MJ, Lee JB, Lee JH. A random-
ized clinical 1-year trial comparing two types of non-submerged 
dental implants. Clin Oral Implants Res. 2010;21:228-36.
26. Oh JS, Kim SG. Clinical study of the relationship between im-
plant stability measurements using Periotest and Osstell mentor and 
bone quality assessment. Oral Surg Oral Med Oral Pathol Oral Ra-
diol. 2012;113:e35-40.
27. Zix J, Hug S, Kessler-Liechti G, Mericske-Stern R. Measure-
ment of dental implant stability by resonance frequency analysis and 
damping capacity assessment: comparison of both techniques in a 
clinical trial. Int J Oral Maxillofac Implants. 2008;23:525-30.
28. Bornstein MM, Hart CN, Halbritter SA, Morton D, Buser D. 
Early loading of nonsubmerged titanium implants with a chemically 
modified sand-blasted and acid-etched surface: 6-month results of 
a prospective case series study in the posterior mandible focusing 
on peri-implant crestal bone changes and implant stability quotient 
(ISQ) values. Clin Implant Dent Relat Res. 2009;11:338-47.
29. Atieh MA, Alsabeeha NH, Payne AG, de Silva RK, Schwass DS, 
Duncan WJ. The prognostic accuracy of resonance frequency analy-
sis in predicting failure risk of immediately restored implants. Clin 
Oral Implants Res. 2014;25:29-35.
Conflicts of interest
The authors have declared that no conflict of interest exist.
